OBJECTIVE -The goal of this study was to specifically estimate the effectiveness of platelet releasate, a widely available treatment administered by a proprietary group of wound care centers (WCCs) for the treatment of diabetic neuropathic foot ulceration.
D
iabetic foot ulceration is a common complication of diabetes and affects many diabetic patients in the U.S. (1) . These wounds are often multifactorial in origin, but tend to occur on the plantar surface of the foot and arise in the setting of peripheral neuropathy, vascular compromise, or both. Diabetic foot ulcers are associated with increased morbidity and mortality, and they have a negative impact on both the quality of life and the productivity of diabetic patients (2, 3) . Studies suggest that between 25 and 50% of costs related to inpatient diabetes care may be directly attributable to the diabetic foot (4) . These wounds also result in Ͼ85,000 lower extremity amputations each year in the U.S. alone (5, 6) . Peripheral neuropathy is an important etiological factor and has been associated as a feature in between 61 and 100% of diabetic patients with foot ulceration (6) .
It is important to distinguish whether diabetic foot ulceration is associated with vascular insufficiency, because wounds caused by vascular insufficiency often require surgical revascularization. In contrast, neuropathic ulcers are amenable to medical, rather than surgical, treatment. In fact, the U.S. Food and Drug Administration (FDA) has recently approved becaplermin and one skin equivalent and is considering another skin equivalent specifically for diabetic ulceration of neuropathic origin (7) (8) (9) (10) . Becaplermin is a topical pharmaceutical also called recombinant human platelet-derived growth factor gel and has been shown to provide a modest benefit for patients with chronic neuropathic diabetic foot ulceration (7) (8) (9) (10) . Another option for treating a patient with a diabetic foot ulcer is the use of platelet releasate (PR) (11) (12) (13) (14) (15) . PR is an autologous product offered by a group of proprietary wound care centers (WCCs) associated with Curative Health Services (CHS). Its manufacture is not difficult, and the WCCs, which are present throughout the country, market their services directly to patients and are recipients of health care provider referrals (13) (14) (15) . Both becaplermin and PR are used in conjunction with standard care, which involves covering the wound with salineimpregnated gauze and instructing the patient to avoid weightbearing activities on the affected limb (16) . Because it is manufactured locally, PR has not been subjected to the same FDA regulation as other wound-care products. As such, PR has not been well evaluated in a randomized controlled trial, and because so many physicians have formed an opinion regarding its efficacy, it may not be ethical to evaluate it in a randomized clinical trial (12, 13, 15, 17) . Our goal was to estimate the effectiveness of PR for the treatment of diabetic neuropathic foot ulceration. We report the relative risk of healing within 32 weeks of initiating care for patients treated at a WCC using standard wound care alone versus care that included ϳ20 weeks of PR.
RESEARCH DESIGN AND METHODS
We used a database maintained by CHS that includes data on ϳ120,000 patients with chronic wounds. A subset of 26,599
patients in this database represents all patients treated between 1988 and 1997 at a CHS WCC for diabetic neuropathic foot ulceration. The reliability and validity of our ability to ascertain whether a patient has diabetic neuropathic foot ulceration and whether a wound has healed has been previously reported (18) . Briefly, subjects were chosen for this study if they were patients with confirmed diabetes who had an ulcer on the plantar surface of the foot and lower limb arterial perfusion adequate for wound healing (18) .
Determination of treatment status
We used the CHS database to determine whether a patient was treated with PR. Although a few patients began PR use at their first visit, 86% of the patients who were ultimately treated with PR actually received PR by the 12th week of care. Therefore, patients were dichotomized into those receiving PR by the 12th week of care and those who did not receive PR by the 12th week of care.
Study end point
We used an end point of 20 weeks after the initial 12-week evaluation period for assessing whether a patient healed. In other words, the first 12 weeks of care were treated as a run-in period (the prestudy failure period), during which time PR treatment could be initiated. Because we wanted to ensure at least 20 weeks of care with PR, our actual end point was a healed wound within the subsequent 20 weeks, i.e., within 32 weeks of care after the first WCC visit. We did this to be consistent with other studies on the efficacy of diabetic foot ulceration therapy. Many of these studies treated patients who had already failed to heal with standard therapy with an investigational agent for 20 weeks (7) (8) (9) (10) 13, (15) (16) (17) . To assess the effect of our choice of 32 weeks, we subsequently performed a sensitivity analysis and estimated the likelihood that a wound would heal within 26 and 29 weeks of care.
Analysis
Propensity score. Selection bias may be a major problem in using observational rather than clinical trial data, because patients are not randomly assigned to either PR or standard care. This is a limitation of case-control studies, nested case-control studies, and cohort studies. We used propensity score techniques in a cohort study to minimize selection bias. Propensity score techniques attempt to mimic the random assignment of a randomized clinical trial (19 -23) . Specifically, this method involves modeling the factors (covariates) that contribute to selection for treatment with PR, i.e., modeling the choice of treatment as "PR" or "no PR." A logistic regression prediction model was fitted to these covariates, thereby assigning each individual patient a modeled likelihood (propensity score) of his or her propensity to be treated with PR (19, 23) . This score, potential range between 0 and 1, represents a summary value of the covariates that reflects the propensity of a given patient to receive PR.
For the current study, covariates were included if they were hypothesized to affect the selection of a patient to receive PR. The following five patient variables were included in the propensity score model: age, insurance status, referral status, sex, and number of wounds. In addition, five wound variables were included in the propensity score model-duration, size, volume, debridement status, and grade (a classification tool based on depth of involved tissue). Finally, four clinic variables were also included in the modelnumber of patients seen at a clinic, year of treatment (as a marker for changing trends in therapy), individual center (to check for outcome differences), and clinic experience (number of years that the clinic was open). Thus, a total of 14 covariates were included in our logistic regression-based propensity score model. The ability of the model to discriminate between those who received PR and those who received only standard care within 12 weeks of care was estimated by the area under the receiver-operating characteristic curve.
Effectiveness estimate. Patients were stratified into quintiles based on the distribution of propensity scores.
2 tests were used to determine the balance of covariates between the treatment groups (PR or no PR) before and after the assignment to a propensity score-based quintile.
Quintile-specific healing rates for the PR and no PR groups were calculated. The effectiveness of PR was then assessed by calculating the quintile-specific relative risk of healing at 32 weeks when using PR rather than not using PR (MantelHaenszel technique) (24) . Before combining the quintile-specific data into a summary score, we used the Q-statistic for heterogeneity to determine whether the size of the treatment effect varied across quintiles (25) .
Statistical analyses were conducted using Stata version 6.0 (College Station, TX) and SAS version 6.1 (Cary, NC).
RESULTS -Of the 26,599 study patients in the database, 21% were treated with PR by the 12th week of care (Table  1) . Patients treated with PR were more likely to have larger wounds, older wounds, and wounds of higher grade, and they were treated at clinics with a larger patient census (Table 1) . Each propensity score quintile contained ϳ5,320 patients ( Table 2 ). Group 1 consisted of patients least likely to receive PR, whereas group 5 included those patients most likely to receive PR. The overall proportion of patients healed by 32 weeks of care showed a downward trend with the increasing group number; that is, those patients most likely to receive PR were least likely to heal independent of treatment effect (Table 3) . However, treatment Effectiveness of platelet releasate groups were well balanced for the risk factor variables that we assessed after stratification ( Table 2 ). The only exception was wound grade in the fifth quintile, which was not perfectly balanced, even after stratification. The imperfect balance for some individual covariates in the propensity score model was expected and is a feature of most propensity score models (20) . The multivariable logistic regression model that was used to estimate each individual's propensity to be treated with PR had excellent discriminative ability, as evidenced by the area under the receiveroperating characteristic curve of 0.90. Overall, 43.1% of patients healed within 32 weeks of the initiation of care, including 50% (48.7-51.2) of patients using PR and 41% (40.3-41.7) of patients not receiving PR ( Table 3 ). The percentage of patients healed within 26 and 29 weeks of care varied little from that of 32 weeks of care (41.6 and 42.4%, respectively). Patients treated with PR were more likely to heal than those patients not treated with PR for all five propensity score strata (Table 3) . However, the relative risk of healing due to PR increased consistently for wounds that were more likely to be treated with PR, increasing from 1.14 (1.03-1.27) in the first quintile to 1.59 (1.49 -1.70) in the last quintile ( Table 3 ). The test for heterogeneity was significant at P Ͻ 0.001, indicating that the magnitude of the effect of PR was not the same for all groups. This suggests that for patients in the high quintiles, PR treatment at a WCC is more superior than standard care.
Further ad hoc analysis showed that the effect of PR was greatest for those patients with larger wounds of higher grade, such that stratifying the patients in categories based on wound size and grade revealed a pronounced trend in the effectiveness of PR across categories. For example, for a wound of 2 cm 2 , grade four (a large anatomically deep wound), the odds ratio for PR treatment-associated healing was 2.61 (2.32-2.94). In contrast, for a wound of 0.5 cm 2 , grade one (a small anatomically shallow wound), the odds ratio for PR treatment-associated healing was 1.27 (1.13-1.44).
CONCLUSIONS -This study is the first independent assessment of the efficacy of PR, which has been used for Ͼ10 years on thousands of patients in the U.S. We found that PR is effective in the treat- ment of diabetic neuropathic foot ulceration. It appears that PR is more likely to be used in more severe wounds and is more effective than standard care in these severe wounds. However, we did find a significant interaction between the effectiveness of PR and the propensity score quintile.
Most patients treated with PR do not begin this treatment at their first visit. Previous studies that examined the efficacy of treatments for diabetic neuropathic foot ulceration have often used the cutoff of 20 weeks of care (7) (8) (9) (10) . Our sensitivity analyses suggested that there was very little difference (Ͻ2%) among the percentage of patients who healed within 26, 29, or 32 weeks of care. Therefore, we used 20 weeks of care with PR (32 total weeks of care) as our study end point. In other words, patients in our trial had a 12-week prestudy observation period and then a 20-week treatment period. This is consistent with another study that suggests that the percentage of healed diabetic neuropathic foot ulceration levels off after ϳ20 weeks, indicating little incremental increased healing after 20 weeks.
One of the important reasons for performing a randomized controlled trial is that it can essentially eliminate selection bias, because patients are randomly assigned to treatment. Purposeful selection or selection bias refers to the likelihood that certain types of patients (such as those more or less likely to heal) are differentially chosen for treatment with PR. Therefore, the bias in an observational study, such as a case-control study or a cohort study, could be that patients treated with PR might have wounds that are more or less likely to heal than patients not treated with PR. By using a propensity score analysis in our cohort study, we attempted to control for selection bias by balancing factors between those patients who received PR and those who did not receive PR and then creating strata related to the likelihood of receiving PR. Because patient outcomes for those treated with standard therapy and PR are compared only within each quintile (within patients equally likely to receive PR regardless of whether they actually received PR), selection bias-as explained by the measured covariates-should no longer affect patient outcomes.
Propensity score techniques, as well as some large cohort studies, have several advantages over randomized controlled trials. First, propensity score analyses may be used to determine the effectiveness of treatment, whereas randomized controlled trials are used to estimate the efficacy of treatment. Effectiveness refers to the real-world ability of a treatment to provide a benefit, whereas efficacy involves the potential benefits of a therapy under idealized conditions. Because patients are rarely subjected to these idealized conditions, effectiveness estimates may be more useful than efficacy estimates when deciding the best treatment options for individual patients. Another advantage of propensity score techniques is that they permit investigators to use observational data that contain far more individual patients of greater diversity than would be possible using a large randomized controlled trial, with the exception of the infrequently used randomized simple trial design. Both of these aspects of propensity score techniques, reflecting effectiveness rather than efficacy, and the fact that they permit the use of data from thousands of patients contribute to the improved generalizability of results from propensity score analyses over those from randomized controlled trials (19) .
Despite these advantages, there are several limitations to propensity score techniques. First, propensity score techniques control only for the known covariates that are included in the propensity score model (20) . Thus, if we failed to include a covariate that has a substantial effect on the propensity of a patient to be treated with PR, then it is possible that the propensity for PR treatment within each quintile would not be entirely homogeneous. Covariates that were not available for analysis in this database included glycemic control, history of cigarette use, and the microbiologic status of the wound. However, because our propensity score model already had excellent ability to discriminate (area under the receiveroperator curve of 0.90) between the patients who were treated and those not treated and because PR was used in the more severe patients, our results would have been biased toward not finding an effect (the null). Another limitation of this methodology is that whereas the propensity to receive treatment is relatively stable within each quintile, it is not perfectly equal throughout the quintile; thus, differences in treatment effect could be due to subtle differences in the propensity to receive treatment, i.e., residual confounding. Also, because scores are derived from a combination of multiple covariates, the individual effect of each covariate and its contribution to the overall effect cannot be determined with statistical precision (21, 22) . A final limitation is that the commencement of treatment with PR is a moving target. Only those who started treatment with PR by week 12 of care were considered users of PR. Some patients did receive PR after week 12, and these would have been classified as having used only standard care, thereby biasing our effect of PR toward the null. The generalizability of our findings to all populations of patients with diabetic neuropathic foot ulceration may be limited, because we used data from specialty wound care clinics rather than from primary care providers. Yet, given the large numbers of patients from many different geographic locations, these data are likely to be generalizable to the general population. In addition, these WCCs are widely available to patients and are frequently a source of physician referral for patients with a chronic wound.
Health care providers were not blinded to the treatment status of patients in our study. Therefore, it is possible that patients who were treated with PR could have been treated in a systematically different way from those that were treated with standard care alone. The differential ascertainment of healing does not represent a problem, because wound healing was documented with photographs, as discussed in a previous study (18) . Concerns that patients treated with PR may have received wound care that was otherwise more aggressive are not likely problematic, because covariates that would be associated with better treatment were similar for those patients who received PR and those who did not. A patient-level meta-analysis of randomized controlled trials has suggested that wound area and wound duration are responsible for a wound being unlikely to heal within 20 weeks of care (26, 27) . Because of the constraints of those randomized clinical trials, wounds of higher grade were excluded from study. Therefore, in general, wounds in the current study with higher propensity to be treated with PR are more severe and less likely to heal than those less likely to be treated with PR. In fact, as seen in Table 2 , more severe wounds were more likely to be treated with PR. Also, as compared with standard care, the more severe the wound (the higher the quintile) the larger the benefit of PR with respect to improving the likelihood of healing within 32 weeks of care. Consequently, based on our results, PR may be the first therapy for diabetic neuropathic foot ulceration that has been shown to improve the chance of healing for wounds that extend through muscle or wounds that are complicated by osteomyelitis (wounds of higher grade). Because these severe wounds are more likely to progress to the point that amputation is necessary, it is important that PR appears to improve the chance of healing, presumably decreasing the risk of amputation, even for patients with advanced chronic wounds. Becaplermin, of course, may have similar effects on severe wounds, but the clinical trials evaluating this topical therapy excluded patients with deep wounds (groups 3-5 in our study) (7) (8) (9) .
We found that PR improves the proportion of diabetic neuropathic foot ulcers that heal after 32 weeks of care when compared with treatment using standard care alone. The relative benefits of PR over standard care persist for wounds of all sizes, and the relative risk of healing using PR versus standard care increases with wounds that are larger and more severe. In the setting of this study, these were also the patients more likely to be treated with PR. Therefore, PR represents an effective treatment for diabetic neuropathic foot ulceration. PR also appears to be effective in severe wounds, and may therefore play an important role in preventing amputation. Our findings also have implications for future growth-factor studies: instead of excluding patients with the most severe wounds, such patients should be included, because it seems that the relative effect of PR and potentially other growth factor-mediated treatments is greatest in the most severe wounds. Future studies should include and perhaps focus on those patients with the largest and deepest wounds, because these wounds are more likely to progress to amputation, and they appear to have a greater relative response to the use of PR and perhaps the use of other growth-factor therapies.
